The favorable role of exercise on metabolic syndrome is well established; however, there is a lack of consistent epidemiological data. Thus, we analyzed the association between exercise intensity and metabolic syndrome using data from the Fourth Korea National Health and Nutrition Examination Survey (2007−2009). Methods: A total of 10,533 Korean individuals were screened. Exercise amount and intensity were assessed from questionnaire responses. Subjects were divided into three groups according to exercise intensity: no activity (n=607), walking only without intense exercise (n=2,336), and moderate to vigorous activity with or without walking (n=3,855). Logistic regression analyses were used to evaluate the associations between exercise intensity and metabolic syndrome. Results: The overall prevalence of metabolic syndrome was 22.3% (total n=6,798). The prevalence of metabolic syndrome was 20.4% for the intense exercise group, 24.0% for the walking only group, and 29.9% for the no activity group (P<0.001). The intense exercise group had a significantly lower odds ratio for the prevalence of metabolic syndrome and its components, especially abdominal obesity and hypertriglyceridemia, but not for blood pressure. Interestingly, there were no negative associations identified within the walking only group, other than prevalence of metabolic syndrome itself. The risk of hyperglycemia was slightly lower in the walking group compared to the no activity group but disappeared after multiple adjustments. Conclusion: A strong inverse relationship between metabolic syndrome and moderate to vigorous intensity exercise was identified, which may reflect a protective effect of intense exercise, but not walking, on metabolic syndrome. Further prospective studies are needed to consolidate our findings.
INTRODUCTION
Metabolic syndrome is characterized by increased insulin resistance and is associated with a high risk of cardiovascular disease and type 2 diabetes. 1 Over the last several decades, metabolic syndrome has grown to a serious problem world-wide, including Korea, as a result of changes in dietary habits and increasing physical inactivity. 2, 3 Although the pathogenesis of metabolic syndrome is not fully understood, progression of metabolic syndrome is closely associated with physical inactivity and consumption of a diet high in fats and carbohydrates. 4 These factors aggravate obesity and insulin resistance, and seem to exacerbate metabolic syndrome in conjunction with other risk factors such as genetics, inflammation, and adipokines. 5 Based on the pathophysiology of metabolic syndrome, exercise is considered one of the cornerstones of management. [5] [6] [7] [8] [9] In 2010, the World Health Organization launched a global recommendation for reducing metabolic syndrome that comprised at least 60 minutes of moderate to vigorous physical activity per day is for children and adolescents.
With respect to exercise intensity, many studies have shown that a high level of exercise reduces the risk of developing metabolic syndrome 7, [12] [13] [14] ; however, several important issues surrounding the role of exercise remains. For example, most of the studies to date have been conducted in Europe and the United States 9, 12, 13, 15, 16 , whereas there are relatively few studies of Asian populations. 14 In addition, the benefits of low intensity exercise on metabolic syndrome are controversial. Some studies have suggested that there is a linear relationship between exercise intensity and development of metabolic syndrome, while others have indicated that only high frequency exercise is effective for reducing the risk of metabolic syndrome. These results are important for prescribing exercise strategies, and many physicians are reluctant to recommend high intensity activities for certain groups such as the elderly who are easily tired and for whom moderate to severe activity may be harmful.
In the present study, we aimed to investigate the association between exercise intensity and metabolic syndrome in Koreans using data from the Korea National Health and Nutrition Examination
Survey (KNHANES 2007 (KNHANES -2009 .
METHODS

Study population
This study used the dataset from the KNHANES IV, a nation- Subjects were further divided according to activity intensity: no activity group, walking only group, and moderate to vigorous activity group. Because exercise frequency and exercise days were similar between the moderate physical activity group and vigorous physical activity group, both groups were combined into the intense exercise group. On the other hand, the walking exercise group had a different pattern from the other two groups, and thus the walking exercise group was defined separately. Subjects who indicated that they did not participate in physical activity were assigned to "group I," while others who indicated that they only walked but did not participate in any moderate or vigorous activity were assigned to "group II. " All others who indicated participation in moderate to vigorous activity were assigned to "group III" regardless of walking. heavy drinker ( > 1/wk), moderate drinker ( ≤ 1/wk), and nondrinker. Smoking status was likewise classified as current smoker, ex-smoker, or nonsmoker. Monthly household income was categorized into quartiles: lowest ( < $500), lowest-medium ($500-1,000), medium-highest ($1,000-3,000), and highest ( ≥ $3,000).
Statistical analysis
Statistical analyses were performed using the R software version Associations between exercise intensity and metabolic syndrome or its components were analyzed using multiple logistic regression.
Continuous variables such as age, BMI, and total energy intake were dichotomized using median cutoff values. Continuous variables were analyzed by either independent t-test or analysis of variance, while categorical variables were analyzed by Rao-Scott chisquare test. Regression models were sequentially adjusted for the following variables: age, sex, and BMI (model 1); total energy intake and smoking (model 2); and alcohol intake and household income (model 3). All statistical tests were two-sided, and P-values < 0.05 were considered statistically significant.
RESULTS
Baseline characteristics
The baseline characteristics of the study population are shown in Table 1 . The mean age was 44.0 ± 0.4 years and mean BMI was 23.6 ± 0.1 kg/m 2 . Group III (moderate to vigorous activity) included 57.2% males, which was a higher proportion than group I (no activity group, 41.6%) and group II (walking only group, 41.1%).
The percentages of current smoking or drinking, a comparatively high income, and total energy intake were also higher in group III than other groups. Factors associated with metabolic syndrome were generally more favorable in the exercise groups, with the exception of diastolic blood pressure and triglyceride levels. Specifically, diastolic blood pressure was highest (76.3 ± 0.3 mmHg) in group III and lowest (74.6 ± 0.3 mmHg) in group II. Triglyceride levels were lower in the exercise groups (~132 mg/dL) compared to group I (143.9 ± 5.7 mg/dL), but the difference was not significant (P = 0.126). The proportion of subjects taking antidiabetic and antihypertensive medications was highest in group I. The number of days per week that subjects reported walking was 4.8 ± 0.1 in group II and 4.7 ± 0 in group III, and the time spent walking was comparable between groups (395.3 ± 16.2 min/wk for group II and 419.8 ± 11.5 min/wk for group III, respectively). Participants in group III spent 2.8 ± 0.1 day/wk participating in moderate activity and 1.9 ± 0 day/wk participating in vigorous activity.
More specifically, group III subjects spent 346.5 ± 12.5 min/wk participating in moderate activity and 209.0 ± 8.1 min/wk participating in vigorous activity (total, 555.5 ± 16.0 min/wk). (Fig. 1B) . However, the prevalence of metabolic syndrome was associated with exercise intensity (Table 2) . After multiple adjustments, the odds ratios for metabolic syndrome in group II and group III compared to group I were 
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DISCUSSION
This cross-sectional study showed that moderate to vigorous activity is not only associated with a lower prevalence of metabolic syndrome, but is also negatively associated with abdominal obesity, hypertriglyceridemia, and low HDL cholesterol. Subjects in the walking group who reported that they did not participate in any intense exercise had a slightly reduced prevalence of metabolic syndrome, but this did not extend to any of the determinants of metabolic syndrome.
Our findings are consistent with previous studies showing that moderate to vigorous activity has a preventive effect on the development of metabolic syndrome. Laaksonen et al. 18 firstly reported the benefit of high intensity exercise on the risk of metabolic syndrome, and since then there have been many studies on this subject. He et al. 5 screened a total of 48 studies, and performed a metaanalysis of nearly 20 of the articles. Regarding exercise intensity, the data to date have been controversial. Between activities and risk of metabolic syndrome, several studies have reported a significant relationship 7, [12] [13] [14] 19 , while others have reported that there is no significant relationship. [20] [21] [22] In the present study, we found that high intensity exercise was a strong protective factor for reducing metabolic syndrome in a Korean population. This result was consistent with a study by Laursen et al. 7 , who showed that walking volume and light physical activity do not reduce the risk of metabolic syndrome. Several other studies have also shown that exercise intensity, rather than duration, is more important for reducing cardiovascular risk. [23] [24] [25] [26] [27] The underlying mechanism for the benefits of high intensity exercise appear to involve improved lipid biogenesis in the liver and adipose tissues 28 , as well as stimulation of muscle adaptation. [29] [30] [31] With respect to muscle physiology, it has been suggested that highintensity exercise activates many oxidative enzymes 29, 30 and induces angiogenesis through peroxisome proliferator-activated receptor-γ coactivator-1α (PGC-1α). 31 Regarding the components of metabolic syndrome, there were some differences between our results and those of previous studies.
There was a mild reduction in hypertension (both high systolic blood pressure and high diastolic blood pressure) and fasting glucose compared to subjects who did not exercise, but intensity did not appear to make a difference on results. On the other hand, abdominal obesity, hypertriglyceridemia, and low HDL cholesterol was negatively associated with moderate to vigorous activity. Given the role of β adrenergic signaling in visceral adipose tissue, intense exercise seems to attenuate p38 mitogen-activated protein kinase and PGC-1α. 32 Intense exercise may also increase HDL cholesterol by increasing expression of post-heparin lipoprotein lipase. 33 Further studies are needed to determine the basis of the different odds ratios for each of the metabolic syndrome components according to exercise intensity.
There were some limitations to the present study. First, this study was cross-sectional in design, and thus causality inferences could not be made. Second, data regarding exercise was collected using questionnaires, which is susceptible to recall bias and limited in accuracy. A third limitation of this study was that the relationship between exercise volume and metabolic syndrome may have been underestimated or overlapping in our analysis, which was mainly based on exercise intensity.
Our study had several major strengths. First, we included a large representative population that was weighted to reflect nationwide prevalence estimates. Second, we used covariates' adjusted odds ratio for metabolic syndrome and its determinants, which allowed us to rule out the effect of confounding factors on associations.
In conclusion, individuals who participate in moderate to vigorous activity have a lower prevalence of metabolic syndrome and its components, especially abdominal obesity, hypertriglyceridemia, and low HDL cholesterol. For the prevention and management of metabolic syndrome, it may be important to recommend moderate to vigorous activity to Koreans, especially those with abdominal obesity or dyslipidemia. Further prospective studies are needed to confirm the protective role of intense exercise and effect modifica-
